Hydrogels, due to their intrinsic hydration properties have huge potential, with applications in the area of tissue engineering, [1] [2] [3] and cellular attachment/release. 4, 5 These flexible gels have also been applied as thermally responsive micropumps/ valves, 6 as components in sensors, 7, 8 as surface actuators 9 and for drug release. 10 A multitude of techniques such as photolithography, 11 soft lithography, [12] [13] [14] electron-beam lithography, 15 nanolithography 16 and reactive ion etching 17 have been used to generate hydrogel patterns using for example crosslinked poly(2-hydroxyethyl methacrylate) (pHEMA), poly(polyethylene glycol)-methacrylate and polyacrylamides, as well as non-synthetic polymers such as collagen, with feature resolutions ranging from nm's to mm's.
A key aspect in all these processes is the generation of the hydrogel with photo-initiated polymerisation being perhaps the most widely applied approach. This is typically achieved by the irradiation of mixtures of monomers or oligomers with initiators, often through a photomask or via the polymerisation of pre-stamped materials, 2, 3, 5, 6, 11, 13 although other polymerisation methods such as ATRP, 18 plasma polymerization 4 and redox initiated polymerization 8, 14 have all been reported. These methods are generally used to fabricate patterns en masse using single, well defined materials. Patterning tens, hundreds or thousands of different materials on a single glass slide remains a huge challenge. Langer and co-workers 19 approached this problem by printing pre-mixed formulations of different monomers on glass slides (coated with pHEMA), using a DNA contact printer, which were then polymerised by UV irradiation, the rapid evaporation of small droplets (printed on the slides) necessitating the use of non-volatile monomers. Our group used an alternative approach via the contact printing of pre-formed polymers onto cytophobic (agarose coated) slides to generate well defined polymer microarrays.
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Recently an inkjet printing approach was used by our group to prepare, in a high-throughput and highly miniaturised manner, 231 formulations of three independent liquid crystals. 21 Here we report the use of an inkjet based approach for the rapid preparation of patterned hydrogel microarrays on glass slides, through the use of in situ pico-nano litre-scale polymerisation (see Scheme 1).z
The approach used an inkjet printer to rapidly print (independently) both an initiator (ammonium persufate (APS)) and monomers that contained the reductant N,N,N 0 ,N 0 -tetramethylethylenediamine (TEMED) onto glass slides at highly defined positions, with specific numbers of drops printed in any defined position on the array. This APS/TEMED redox system is well established and is able to initiate polymerisation and gelation of many water-soluble acrylamides and acrylates under a range of conditions.
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To prepare arrays of polymers the glass slide was initially treated with 3-(trimethoxysilyl)methacrylate in order to provide an anchor for the hydrogel during polymerisation (see ESIw for details). Arrays were prepared in two ways. Firstly, 37 pre-generated mixtures of monomers ( Fig. 1) were printed and polymerised (20 copies of each feature were printed) giving 740 features in total (see ESI,w Fig. S1 ). Polymerisation gave excellent spot morphologies due to the non-contact nature of the deposition (see Fig. 2 ).
In this array dimethylacrylamide was the major monomer copolymerised with a range of other monomers bearing amino groups with various crosslinkers with different chain length, potentially allowing the amino group to be used as handles for further chemistry. 23 These hydrogel arrays were analysed dry and in DMF and water (Fig. 2) demonstrating their uniformity and their swelling. The size of the features was controlled by changing the number of drops printed per spot. Using four drops per spot 366 features cm À2 could be printed (with a pitch between spots of 500 mm) and a spot size of 210 AE 10 mm (Fig. 3) . The second approach used the printing of a series of monomers (rather than pre-formed mixtures of monomers) that could be over-printed, allowing spot-to-spot based fabrication of polymers. As a demonstration 36 polymers were synthesised at high density (366 features cm À2 ) in situ with 15 copies of each polymer being printed (see ESIw for details). Fig. 4 shows an example of an in situ synthesized polymer microarray. To ensure that the over-mixing procedure induced significant turbulence in the spots the mixing time was analysed and demonstrated to be less than 1.5 min (see Fig. 5 ).
It was important to show that the polymers prepared via this microarray approach were analogous to those prepared using more conventional conditions. To this end polymers were synthesized (without cross-linkers) on both glass slides (printing 200 features) and under identical conditions in glass vials. The polymers were dissolved and characterised via GPC (see ESIw for details). Table 1 shows the average molecular weight and polydispersity of the linear poly(dimethylacrylamide-coacrylamide) formed on the slides and under more conventional conditions, with M w ranging from (3.7-8.2) Â 10 5 Da (on the slide) to (3.3-12) Â 10 5 Da (under more conventional conditions). The polymers prepared directly on the slides had a PDI ranging from 6.1-8.8 as APS increased from 0.5 wt% (APS : monomer = 1 : 56) to 4.76 wt% (APS : monomer = 1 : 5.8) very similar to the PDI of the polymers polymerised in the glass vials (ranging from 3.3 to 9.8), demonstrating that virtually identical hydrogels were prepared on both formats.
In conclusion the fabrication of hydrogel microarrays using a redox initiator system and inkjet printing is reported, allowing potentially 1800 new polymers to be prepared, while the non-contact nature of the printing approach gives excellent Fig. 1 The monomers used for the fabrication of the hydrogel microarrays (for the combinations used see ESIw (Table S1) ). spot morphology and size control. This approach allows access to a broad ranges of new polymers in a highly miniaturised manner and will be applicable to many research areas, such as cellular immobilisation, identification of cell specific hydrogels, or protein trapping, while allowing the properties of many polymers to be investigated without having to resort to large-scale synthesis. 24 We thank the EPSRC and BBSRC for financial support.
Notes and references
z The inkjet printer used in this experiment was an autodrop system (Microdrop, GmbH, Norderstedt, Germany) with a AK-501 micropipette operating in drop-on-demand mode via a piezoelectric firing mechanism. 21 This printer created droplets with a volume of approximately 380 pL at frequencies between 0 and 2 kHz using a stroboscopic camera to monitor droplet formation, allowing accurate control of the volume of the printed solutions by simply varying the number of drops printed in any specific or defined location. This was controlled by use of an in-house macro. 
